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INTRODUCTION TO RSPORT ON THE 

ELECTRONIC NUMERICAL INTEGRATOR AND COMPUTOR (ENIAC) 
0. INTRODUCTION 

The Report on the ENIAC consists of five separately bound parts, as 
follows: 

1) ENIAC Operating Manual 

2) ENIAC Maintenance Manual 

3) Part I } Technical Description of the ENIAC 

Volume I - Chapters I to VI 

4) Part I, Technical Description of the ENIAC 

Volume II - Chapters VII to XI 

5) Part II, Technical Description of the ENIAC 

Included with the Operating Manual and Parts I and II of the Technical Descriptic 
are all drawings (see Table 0.3 below) which are required for understanding these 
reports. The Maintenance Manual assumes access to the complete file of ENIAC 
drawings . 

Part I of the Technical Description is intended for those who wish 
to have a general understanding of hot? the ENIAC works, without concerning them- 
selves with the details of the circuits; it assumes no knowledge of electronics 
or circuit theory. Part II is intended for those who require a detailed under- 
standing of the circuits. Its organization, to a great extent, duplicates that 
of Part I so as to make cross referencing between the two parts easy. 

The ENIAC Operating Manual contains a complete set of instructions 
for operating the ENIAC. It includes very little explanatory material, and 
hence assumes familiarity with Part I of the Technical Description of the ENIAC . 
The ENIAC Maintenance Manual includes description of the various test units and 
procedures for testing, as well as a list of common and probable sources of 
trouble. It assumes a complete understanding of the circuits of the ENLs.C, i.e.. 
a knowledge of both Parts I and II of the Technical Description of the ENL'iC . 



The Report on the EKIAC and the complete file of ENIAC drawings 
constitute a complete description and set of instructions for operation and 
maintenance of the machine. The drawings carry a number of the form PX-n-m. 
The following tables give the classification according to this numbering system. 



TABLE 0.1 


Talues of 

n 


Division 




1 


General 




2 


Test Equipment 




3 


Racks and Panels 




4 


Trays, Cables, Adaptors, and Load Boxes 




5 


Accumulators 




6 


High Speed Multiplier 




7 


Function Table 




8 


Master Prograinmer 




9 


Cycling Unit and Initiating Unit 




10 


Divider and Square Rooter 




11 


Constant Transmitter 


s 


12 


Printer 




13 


Power Supplies 


' 




TABLE 0.2 




Values of 
m 


Subject 


101-200 


i Mring Diagrams 




201-300 


Mechanical Drawings 




301-400 


Report Drawings 




401-500 


Illustration Problem Set-Ups. 





The reader of this report will he primarily interested in the types 
of drawings listed in the following paragraphs. A table on page 4 gives the 
corresponding drawing number for each unit of the ENIAC. 

1) Front panel Drawings. These" drawings show in some detail the 
switches, sockets, etc., for each panel of each unit. They contain the 
essential instructions for setting up a problem on the ENI^C. 

2) Front View Drawings, There is one of these drawings for each 
kind of panel used in the various units of the ENIAC. These show the relative 
position of the trays and the location of the various neon lights. Since these 
drawings show the neon lights, they can be used to check the proper operation of 

the various units. 

3) Block Diagrams. -These drawings illustrate the logical essentials 
of the internal circuits of each unit. That is, resistors, condensers, and 
some other electrical details are not shown; but complete channels (paths of 
pulses or gates representing numbers or program signals) are shown in all their 
multiplicity. These drawings will be of interest to those who are interested 
in Parts I and II of the Technical Report. 

4) Cross-section Diagrams. These drawings are electronically complet 
except that only one channel is shown where there is more than one. Thus, these 
drawings show every resistor and condenser and any other electronic elements . 
belonging to any circuit. These drawings will be of particular interest to 

the maintenance personnel and to those reading Part II of the technical report. 

5) Detail Drawings. All other drawings of the ENIAC come under 
this heading. A complete file of drawings is available at the location of the 
ENIAC* 



Table 0.3 
ENIAC DRA.OTGS 



Multiplier 



Unit 

Initiating 
Unit 



Cycling Unit 



Accumulator 



Function Table 



Divider and 
Square Rooter 



Constant Trans- 
mitter 



Front Panel 



FX-9-302 

9-302R 



PX-9-303 
9-303R 



PX-5-301 



PX-6-302~~ 
6-302R 
6-303 
6-303R 
6-304 
6-304R 



PX-7-302 
7-302R 

7-303 
2T.303R 



PX-10-301 
10-301R 



Printer 



Master Pro- 
grammer 



PX-11-302 
11-302R 
11-303 
11-303R 
11-304 
11-30/pR 



PX-12-301 
12-301R 
12-302 
12-302R 
12-303 
12-303R 



PX-8-301 
8-301B 
8-302 
8-.302R 



Front View 



PX-,9-305 



PX-9-304 



.PX-5-305 



PX-6-309 



PX-7-305 



PX-10-302 



PX-11-306 



PX-12-306 



PX-8-303 



Block Diagram 



PX-9-307 



PX-9-307 



PX-5-304 



PX-6-308 



PX-7-304 



PX-lO-304 



PX-11-307 



PX-12-307 



PX-S-304 



Cross - Section 



PX-5-115 



PX-6-U2A 
6-112B 



PX-7-117 
7-118 



PX-11-116 
11-309 
(C.T. and R. 



PX-12-115 . 



PX-8-102 



Other drawings of particular interest: 

Floor Plan PX-1-302 IBi Punch and • PX-12-112 

A.C. Wiring PX-1-303 Plugboard PX-12-305 

IBM Reader and PX-11-119 Pulse ^-aplifier c.nd PX-4-302 

plugboard TX-11-30 5 Block Diagram PX-4-301 

Interconnection of Multiplier end Accumulators PX-6-311 

Interconnection of Divider and accumulators PX-1CKJ07 



The front view drawings and the large front panel drawings (whose 
numbers do not end with M R«) are bound as a part of the Operator's Manual. 

Included with the report is a folder containing all the drawings 
listed in the above table except the large front panel (see above) drawings. 



1. 



GENERAL INSTRUCTIONS FOR OPERATING PERSONNEL 



1. Inform maintenance personnel immediately of any trouble and note 

same in the log book. 

2. Occasionally check the filament fuse indicator lights (refer to 
front view drawings bound in this volume); if any are out turn off the d-c power 
(switch is located on a-c distribution panel, see PX- 1-304). 

3. If SNIaC shuts down from overheating do not try to restart; call 
maintenance personnel. If any panel runs consistently much hotter than the 
others, do the same, 

4. The d-c power should be turned en only with operation switch 
(either on cycling unit or on the hand control) turned to "continuous". After 
the d-c has been on a few seconds it may be turned to cither of the other two 
positions. Failure to follow this rule causes certain d-c fuses to blow, -240 
and -415 in particular. 

5. As a general matter certain units net being used may have their 
heaters turned off. In such cases it is unnecessary to remove the d-c power or 
even to turn off the d-c power when turning on these units. On the other hand th 
three panels of the constant transmitter must be turned on or off simultaneously. 

6. Do not remove any covers, front or back. 

7. Do not open d-c fuse cabinet with the d-c power turned on. This- 
net, only exposes a person to voltage differences of around 1500 volts but the 



person may be burned by flying pieces of molten fuse wire in case a fuse should 

blow. 

8. Padlocks are provided for locking the d-c power off. Lock the 
power off and carry the key with you as long as you are working on the machine. 

9. Do not remove accumulator interconnector plugs, or function table 
or iai machine connector cables, while the d-c is on. All other' front panel 
plugs may be safely moved while the power is on, 

1G~ Do not pull directly on wire or cable; always use the plug case 

as a grip. 

11. Do not put sharp bends in cables or hang anything on them. 

12. Do not leave cables dangling on the floor. 

13. Do not pound or force plugs > if they do not respond to steady 
pressure notify maintenance personnel. 

14. Do not leave IBM cable connectors or portable function table 
connectors lying out in the open, keep in the receptacles provided. Also, make 
use of the ramps to protect the cables of any such units which are connected to 

the ENIAC. 

15. Do not force any switches. , 

16. Keep the door to the room closed to keep out dust, avoid stirring 
up or producing dust, 

17. Always move the portable function tables with care. Keep the 

brakes on when not moving them, 

2. PROBLEM SET UP REMARKS 

2 » 1 « &'£D FOR SYST EMA TIC CHECKS 

Since the ENIAC makes use of a hierarchy of channels (first, in that a 



number of units may be carrying on computations simultaneouslyj second, in that 
it always handles ten to twenty digits of e number simultaneouslyj and third, 
in that certain units use a coded system giving four channels for each digit) 
running a standard check problem is not a sufficient check on the accuracy of 
the results. Thus, in arranging a problem for the ENIAC provision should be 
made for occasional systematic checks of all the units. 

Procedures for systematic checking are described in some detail in 
the maintenance manual. Brief procedures will be outlined here for the numerical 
units. The following test procedures are not comprehensive tests and the ex- 
perienced operator will perhaps use variations of them. In particular, the 
tests given below are not designed to check the operation of the various program 
controls. However, they are designed to check the numerical circuits in each 
unit and to a considerable extent check the program control used to carry out 
the test, 
2.2. TESTING AN ACCUMULAT OR 

Cards should be prepared as follows: 

1. P 11111 11111 

2. P 00000 00001 •, 

The numbers should be so placed on a card that one group in the constant trans- 
mitter, say A R , corresponds to these numbers. Next, a master programmer stepper 
should be used to transmit the first number into the accumulators which are to 
be tested eighteen times. At this time the accumulators should read 

U 99999 99998 
and all stages of each decade have been checked as well as the delayed carry-over 
circuits. Now the stepper (used above) should cause the reader to read the next 
card and the number to be transmitted to thy accumulators twice. This should 



give 

P 00000 00000 
and checks the direct carry-over circuits. Note that this test assumes that 
the significant figure switch is set to "10". If this is not so the operator 
can modify the above procedure to take care of this. 

This test does not check the following circuits (for a complete check- 
ing procedure see the maintenance manual): 



Transmission circuits 
Clearing circuits 
Repeater ring 



Input channels (except for the one used) 
Program controls (except for the one used) 



2.3. TESTING THE MULTIPLIER 

The following 3et of cards should be prepared-. 



Card 

1 
2 
3 



Multiplier 

P 00000 00000 
P 11111 11111 
P 11111 11111 



Multiplicand 
* B LR (say) 
P 11111 11111 

P 11111 11111 

P 22222 22222 



10 
11 
12 



'P 11111 11111 
P 22222 22222 
P 22222 22222 



P 99999 99999 
P 11111 11111 
P 22222 22222 



82 
83 
84 
85 



P 99999 99999 

IP 11111 11111 

M 11111 11111 

M 11111 11111 



P 99999 99999 
M 11111 11111 
P 11111 11111 

m urn mil 



On a second set of cards, or on these same cards in different fields 
the proper answers should be punched. Note that these answers will depend upon 
when ten or twenty digit products are . used," that is, whether the product 
accumulators are used as ten or twenty digit accumulators. 

There are two methods of using these cards to check the numerical 
circuits of the multiplier. One is to have the answer on the same card and 
arrange for its transmission to the product accumulators with its sign changed 
(or the sign of one of the factors may be changed). In this case the whole 
sequence of cards in run and the presence of "zero" in the product accumulators 
indicates (with high probability since there could be compensating errors) that . 
the numerical circuits are all right. 

A second method is to run the test and cause the answers to be punched 
on other cards. These results may then be compared with standard answers by 
use of the reproducing punch. 

This procedure does not check the following: 
Rounding off circuits 
Program controls- (other than the. one used). 

2.4. TO TEST a FUNCTION TABLE 

< 
An accumulator is used to build up the argument. A program control 

on the function table has its function switch set to "-2" and a second switch 

has its argument set to "+2".. 

The programming is so arranged that the "-2" program is activated and 

the output sent to an accumulator associated with the printer. The result is 

punched on a card, "one" is added to the argument, and the process repeated. 
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The master programmer can be used to repeat the "-2" program 96 times and then 
alternately activate the "-2" and the "+2" program four more times,, (Or 
various other schemes may be devised to obtain all 104 entries to the function 
table.) The cards punched in this manner can then be compared with a standard 

deck. 

Note that the above check is not a systematic check of the numerical 
circuits as a whole. In other words this check should be repeated if any switches 
on the portable table (or on panel Mo, 2) are changed. 

Furthermore, the above procedure does not check the various program 
controls of the function table. 

2.5. TO TEST THE DIVIDER AND SQUARE ROOTER 

The divider and square rooter can best be checked by performing test 
division problems and square root problems. Drawing PX-10-111 gives the neons 
which should be lit at various places in the process. The operator can check 
against this by going through the problem at one addition time. 

2.6, CONSTANT TRANSMITTER TEST PROCEDURE 

The 1, 2, 2« , 4 channels in the constant transmitter can all be checked 
simultaneously by reading cards with nine punches on them. Since it is un- 
desirable that the same number be punched in all columns of a card (this weakens 
a card increasing the probability of "jamming" in the feeding mechanise of the 
IBM machines) it is suggested that cards be prepared as follows. 

1) 9' s in groups Aj-o and Bj-p 

2) 9's in groups C R and D^p 

3) 9's in groups E^ and F^ 
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4) 9's in groups G and H 

LR Ift 

5) Four more cards similar to above but with nanus punches. 

The programming should be arranged so that the numbers are transmitted 
into accumulators when they can be inspected visually or perhaps punched on other 
cards and compared with a standard deck using the reproducing punch. 

Note that Jjjj, and K^ should be checked in a similar manner. (Thwse 
only need be checked for the numbers used in the sot-up provided they are re- 
checked any time that some of the switch settings are changed.) 

This procedure does not check all the program controls. 

2.7. PRINTER TEST PROCEDURE 

The printer can be tested by causing all possible digits in each 
channel to be punched and by checking the PM delays. The following cards should 
be prepared. 

1) P 01234 56789 

2) P 11111 11101 

3) P 11111 11011 



10) P 01111 11111 

11) P 11111 11111 

The programming should be arranged to cause the numbers on the test 
eerds to be read by the IM reader, transmitted to the printing accumulators, and 
the result punched. The resulting cards may Jbe compared with a standard deck by 
use of the reproducing punch. 

Card number one has the numbers to 9 punched in it to prevent the 
same digit from being punched all across a card. 
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If any decades of the master programmer are used in printing they 
m ay be checked at this time by transmitting the program pulse (used to activate 
the above sequence) into each decade direct input. 

This constitutes a complete test of the printer. 

2.8. TESTING FOR TRANSIENT FAILURES 

If transient failures are suspected a master programmer stepper should 
be used tu repeat the appropriate test (such as one of those above) a large 
number of times. 

In case of an accumulator this can be done using only one card (say, 
P 99999 99999) and using a second program control set to aC (receive on a and 
correct) to obtain the one pulse in the units decade. 

For the multiplier it becomes necessary to punch the answers on the 
cards with the factors (see 2.3) and cause these to be transmitted to the 
product accumulators for each multiplication. If more than ten digit answers 
are used the adjusted answer to card 83 must be carefully prepared in order to 
get minus the answer from the constant transmitter to the product accumulators 
(since the constant transmitter only complements at most ten digits at a time). 

Repetition of a function table test is straight forward. It may be 
worth while to receive into a twenty digit accumulator and repeat the transmission 
10 times, say, and see if the proper number is obtained. 

The square root of zero is perhaps the easiest test to repeat on the 
divider-square rooter . 

The constant transmitter can be caused to transmit any group repeatedly 
to some accumulator . Dust particles may cause transient relay failures, so avoid 
stirring up dust in the EMIAC room. Also, if any relay case is removed, always 
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replace in exactly the same position in order not to disturb dust inside the 

case. 

Transient failures in the printer are probably relay failures. See 
rdntenance manual for list of probable failures . 
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Foot Notes 
(Z) On If Previous Program Was A Division. 

) on If Denominator Is Positive When Receivedin Denominator Accumulator. 
© If Before denominator Is Added To or Subtracted From Numerator, The Numerator Is Positive,Neon*4-Is 

On> Otherwise Neon*3 Is On. 
® Goes On When Interlock Pulse Is Received. 
© Goes On One Addition Time After TJJ-S 
© Goes On-.o.- In NI Case , Two Addition Times After IJI-S. 

P-In I Case, In Whichever Occurs Later. Two Addition Times After TH-9 Or One Addition Time AfterNeonI 
*9^>c^l0->p Where >f Is The Setting OfThe Places Switch 
*■* Only If No Overdraft Results. 
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D-C voltage hum osoilloscope- 



D-C voltage meter- 



JM5 voltage saleotor switches - 

'I 

D-C voltage chart 



Jfhite numbers on the voltage chart indicate 
voltages at the ends of a power supply. Black 
numbers indicate voltage pairs in which at least 
one voltage is derived from a bleeder tap. 

Behind the voltage chart are the oscillo- 
scope adjustments. 

The d-c voltage amplitude and the a-c hum 
amplitude of every voltage of the BHIAC may be 
measured with respect to some other voltage at 
this panel. 



Start and stop switches 

Pushing the start switch turns the amber 
light on and starts the initiating sequence 
for the ENIAC, turning on the d-c power supplies, 
the heaters of the various panels, and the fans, 
and operating the initial clear. When this 
sequence has been completed, showing that the 
ENIAC is ready to operate, the green light goes 
on. 

Pushing the stop switch turns the ENIAC 
off, including the heaters, the d-c power sup- 
plln*, and the fans. 



p-C power supplies clock - 



This shows the number of hours the d-c power 
supply filaments have. bean on. 



Initial clear switch* 



Though the ENIAC is initially cleared when- 
ever the start switch is operated, an initial 
clear switch is provided so that the operator 
can clear the machine without turning it- off. 

The operation selector switch on the cycling 
unit must be sst at Cont. for initial clearing 
to take place. 
Selective clear program controls 

C t * program pulse input terminal for selective 

clear program control. 
Q - program pulse output terminal for selective 

clear program control. 

whenever a program pulse is supplied to a 
- C., all accumulators set to SC will be cleared, 
and a program pulse will be emitted from the 
corresponding C one addition time later. For 
neon bulbs of associated transceivers see 
PX-9-305. 



THE ENIAC 

focTtoNic Numerical Integrator an&Cohntor 

DEVthftPSB, &l«l*NtD *N0 CeNSTMKTW 

ovrw 

MOORE SCHOOL <w ELECTRKM. EN6IKER1M6 

OF THE 

UNIVERSITY OF PrNNSVLVANU 

1944 




o 



— — 
A 


Sir 

rfk* 


3 


i//) 9 


£ 


W»" 


DC 


VOLTAGES 





o 
























3 


1 




1 


2 


z 


A 


5 


« 


r 


s 


•:, 


!• 


11 


A 
















' 






8 




..... 




















C 













































e 
























r 


















i. 






6 
























H 













































( 




o 



mum stamt 

4WITCM 



o 



ir»iiri(iTiMS pu.se 

SWITLH 



°<& 



IWTIM-CUtt 



acrom 

O SUPPLIES O 



o 

OOOR SWITCH 

SHimr 



O O 

READER 



INTERLOCK 
INPUT OUTPUT 



IP o 

PRINTER 

IN*"ur OUTPUT 

to pi 



lo o 

INITIATING PULSE 

CVTPVT 
P O 



o © o © o © o © o ©o©o 

© o °© o °© °© © °© 



n) 



°au 



°©„ °© 



P. - pulse input terminal for printer 

P - program pulse output terminal for printer 

whenever a pulse is received on Pi the IBM punch starts to operate and the printer relays start to piek up, 
A pulse is emitted from P as soon as the relays are set up. Any time after this pulse is emitted Pi may again 
be stimulated, but this will not cause a second punching until the first is finished. 



Door Switch Shunt 
« n 

Ordinarily the SNIAC will cot operate with arty of the doors off. This is i 

safety feature, sinoe removing the doors exposes dangerous voltages . If it is 

neaeasary to operate the SNIAC with the doors off, this may be done by holding 

this switch closed. 



- A-C voltage meter 

-A-C voltage selector switch 

' ' By means of this switch and meter the three phases of o^e of the. two bus 

systems supplying 110 volts a-c to the filament transformers of the various units 

may be ceasured. 



J^ - pulse In put germinal for render jntarlnak 
"S^ - pulse input terminal for reader 
TL. - program pulse output tennlnal for reader 

— ■ Wise Terminals (lave to do with the operation of the IBM card reader, when- 

ever a pulse is supplied to Kj the IBM reader starts to put a new card in position. 
After the card is read and the relays have set up the constant transmitter gates 
the Information is ready to be taken from the constant transmitter. A pulse is 
emitted from R,, after the constant transmitter is ready and after a pulse has been 
received on %. The operation of the constant transmitter program controls is 
described on KC-11-302. 

Reader start switch 

Hg - Terminal for paralleling the reader start switch 

Operation of the reader start switch starts IBM card reader.. After the card 
has been read a pulsa is emitted from Bo. 

S s is a terminal for paralleling the reader start switch with a switch which 
may be carried anywhere around the EKIAC and which is connected to this terminal 
via a program line which has no losd bon> , or by means of a special cable. 



-Initiating pulse switch 

I f - Terminal for paralleling the initiating pulsa switch 

1j - Program pulse output terminal for Initiating pui^a 

** whenever the initiating pulsa switch is pushed a single program pulse (i.e., 

a gated CPP) is emitted from I„, This pulse may be used to initiate any sequence 
of operations sat up on the ENIAC. 

I 8 is a terminal for paralleling the initiating pulse switch with a switch 
which may be carried anywhere around the EHIAC and which is connected to this term- 
inal via a program line which has no load box , or by means of a special 
cable.. 



Note: portable Control Station is shown on PX»9»3tT5. 
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Oscilloscope "t which can bit fleer, the cycling unit pulsea and gates, th« selective ?ieer gate (ilS) pfcen it ts proeranmed ) , 
or any external «! : pil tranrEitted to the terminal inerted "fc.xt.% The "v-Unj unit pulses and gates to be seer, are shown 
on the accopipsxiying chart, behind which £M the oscilloscope adjustments. The oscilloscope lnp«t switch selects the signal 
to be nhown on the oscilloscope. A signal ran/ be transmitted to the terminal Plxt," on a progras -1 inn which hep no loed 



Operation Selector Switch 
'fna control by this switch 
and the 1 pulse - 1 add. 
push button is the seme as 
that [>roviil«<i b;v the switch 
on the cycling unit front 
panel. Note: The switch 
which is not being used 
must be set to "1 pulse". 



1 Puis 



I Add -Push Button 



■ Heater switch 



e OPERATION e 
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A INITIAL 
*» CLEAR 
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° START 
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Green Pilot Light 

Same as on Initiating Unit 

Front Panel 



j 



Push Buttons 

Control provided. is the sane 
as provided by corresoonding 
push buttons on Initiating 
Unit Front Panel - See PX-9- 302, 



Heater clocit 



Coble 



Portable Control Station 



- Push button for 1 pulse time or one addition tiiae 

PA- Terminal for paralleling this' yurh button 
Operation seloctor switch 
1A and Cont 



switch or its associated terminals (1A, Coct,): 



. - Terminal-'; for parnlli-lins the operation selector switch 

— Too cycling unit his three modes of operation, se^eotid by the 

1) Cont. - rhe pulses and j^tes aw given out continuously. 

2) 1 Add. - The j-.ulaes una *«tes for one addition time are -Titled whenever the push-button for 1 pulse time or 1 

addition tine is pushed, 

3) 1 pulse - The pulses and urates for one pulse time ere emitted whenever the push-button for 1 pulse time or 1 

addition tlire is pu.'hed, 
—portable push buttons may be need in connection with terminals PA, 1A, snd Gout. These may be plugged Into 

a progx-ara line which, has no load bo* and that line plugged into the terminals. 
1J A push button connected to PA parallel? tho 1 pulse ana 1 Add. push button. 
2) Fueh huttnns con-ectud to 1A and Cont. enable the operator to parallel the operation selector switch, linen this 

switch is! i?Tt <v the 1 pulse position, holding closed the button connected to 1A gives the 1 addition time 

mode of operation, while holding closed the button connected to Cont. gives continuous operation. 
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Switches l-h : O peration 
switches for non-repeat 
program controls. 



Cleer correct switch - 



Switches ?-12: O peration - 
switches for repeat 
program controls. 



•She digit terminals are to be connected to the digit trunks (trays; {see PX-5-305) by the digit cables for 
receiving and transmitting numbers. The operation of these terminals is governed. by the program controls of the 
accumulator. (Thus digit pulses transmitted on a trunk to which the oC terminal is connected are received only if 
the accumulator is programmed to receive oa eC J. 

Multiplication by powers of tan aay be ecccnp.lisheJ by means of shifters (PX-H-IO 1 *) which transpose the 
digit wires. Shifters must 6? p laced only in digit Input terminals, not in digit outpu t terminals . 

Deleters (PX-4-1091 are used in connection witn"~the~ significant figures switch; they may be placed only 
in digit output terminals. 
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Terminals 11. gi...... Uy 

Program pulse input terminals for non-repeat 
program controls 1-U respectively. 

Terminals 51 121 

Program pulse innut terminals for repeat 
program controls 5-12 respectively. 



Terminals 5o . 6o lgo 

rrogram pulse output terminals for 
repeat, program controls 5-12 . 
respectively. 



Non-repeat program controls 1-h . 

These operate for one addition time and emit p.? prog:ran output pulse, 
Sach control consists of J . 

1) Program pulse input terminal (whan stimulated with pr^rra pulso causes program control to proarsa ore-atnn 
in accordance with its switch settings! "Fs.axion 

S) Operation switch 

3) Clear-correct switch 

4) Associated receiver (for neon bulbs see PX-5-305) 

Repeat program controls 5-12 . 

These operate for n additions times, where n is the setting of the repeat switch. 
Each control consists of 

i; Program pulse input terminel (when stimulated with program pulse causes program control to program operation 
In accordance with its switch settings). 

2J Program pulse output terminal (emits program pulae at end of nth addition time} 

3) operation switch 

h) Clear-correct switch 

5i Repast switch 

6i Associated transceiver (For neon bulbs see PX-5-305! 



Accumulator Interconnection - JJiflgreji. 



<&* 



DQDQPDD 



Qg 



aDDDDDD 



0-®-0 



OQOO0DD 



■ *-* 

a 



10 decade accumulator 



*i0 decade accumulator 



V: Ace. lntereqnnector cable (vertical) (FX-5-121) 

H: Ace. lnterconnector oable (horizontal) (RC15-UO) 

X indicates position of ace. lnterconnector terminal load box (PI-^-109) 

Kote: Each of the -2& program controls of the 20 decade accumulator 
governs the operation of all decades and of the common pro- 
graming circuits of both accumulators. 



Selective clear twitch 

to if ^ 1 J v swlt f h Jf Bat , t0 s <j thft accumulator Is cleared whenever e program pulse is transmitted 
to one of the aelective clear inputs of the initiating unit. 



uri-3 switch 



• Jlreilf leant fi.» 

This switch determines which decade (if any) Is cleared to 5 instead of whenever the accumu- 
lator is cleared and on which line the subtract pulse is transmitted on e subtract transmission.' 

Ex KoSf iST?!. m° n Gf ^-"-^^ "««»« *"- »«t be done by „eans of deletes 
(PX-1-109) (When the switch is set to is, deleter nuir.ber asho-ild be used, etc.; 

If the switch is set to m, decade 10-m (counting from the right) is cleared to 5 anf *h* 
aubt-act pulse is transmitted on digit line U-n. 

follows" " 2 ° deCBA " BOavmxlatoT lB f 01 ™ 3 . tbe two significant figure switches are tc be ured ss 

rf »«,~I UT'i "l^a significant figures are desired, the left hand switch is set to the number 
desired and the right hand switch to 10. 

(B) When 10 or more significant figures an desired, the left hand switch is set to 10 and the 
right hand switch set so that the sue of the two switch readings equals the number of significant 



- Repeat iKit.^,ep for 
recast pro'gmjj controls 5-12 

Bach switch governs the n-.,.i>ber of addition times its repeat program control operates. 



O peration switches au£ clear - correct switches: 

These operate together in the following manner: 



Operation switch 
setting 


Operation programmed 
by operation switch 


Operation programmed by 
deer-correct switch if 


set t« C. 


oC 



Y 
% 
e 


Recei-ve on ot digit input terminal 
Receive or /9 digit Input terminal 
■ieceiva on f digit input terminal 
Receive or, S digit input terminal 
Receive or, £ digit input terminal 


A. correct pulse {nn inter- 
nally gated 1* pujse) is 
pieced in the unite decade 
at each addition time. 




A 
AS 

S 


Nothing 

Transmit on ».W. digit output terminal 
Trsnsnlt on both add and subtract cisit 

output terminal 
Transmit on subtract digit, output terminal 


The accumulator is cleared 
at the end of the lest add- 
ition Mire of the program. 
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Multiplier Ace. 
Clear Switch 



Multiplicand Ace. 
Clear Switch 



ITumber of the program —— 

control to which the switches 
in a given column belong and 
to which the corresponding 
numbered program input and 
program output terminals be- 
long. 
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Multiplier Accumlator Clear Switch 

Mils governs the clearing of the multlpl ier ace. by means of the static cable running into 
the multiplier ace. PM plug-in unit-; If this switch is set on C, the multiplier is cleared 
during the last addition time of the multiplication. 

Multiplier Accumulator Hecalve Switch 

Whenever a pro-am pulse is received on a program input teimlnal of a given program control 
a pulse is Immediately emitted from H*— B£ , or not at all, accordingly at the multiplier aec. 
function switch ■at that program control is set oaeC-jS , or C respectively. These pulses may 
be used to cause the multiplier ace. to receive the multiplier during the neit addition time by 
having then transmitted to properly set multiplier ace. program controls, i.e. by eonnscting 
Hot- lljto five program pulse inputs of the multiplier aco. (#9) and setting the corresponding 
operation switches to receive on «( - £ respectively. 

It is to be noted that all 24 multiplier program controls cause pulses to be emitted on Hrf -He 
so that only five multiplier aec, program controls are required to receive all 24 multipliers. 



Multiplicand Accumulator clear Switch 

This operates the same as the multiplier aec. clear switch except that it governs the 
olesring of the multiplicand aec. 

IJultlpllcand Accumulator Receive Switch 

This fui, -tions the seme as the multiplier ace. receive switch except that it gives out 
program :. ■■>., ;m terminals DsCto D£ and may be used with the multiplicand ace. (#10). 

Significant Figure Switch 
Multiplier Places Switch 



Product Disposal Switch 



Terminals 11. gj g4j 

Program pulse Input terminals for program controls 
1-24 respectively. 

Terminals lo. go 24o 

Program pulse output terminals for program controls 
1-24 respectively. 



There are 24 multiplier program controls, each consisting of 



Terminals B«t He 

program pulse output terminals associated respect- 
ively with ft. Q, V, ff.e on the 24 multiplier' 
accumulator function switches. 

Termlnele an - Dt 

Program pulse output terminals associated respec- 
tively with «. 9 . r, C. c on the g4 multiplicand 
accumulator function switches. 



1) 

2) 
3) 
»J 
V 

7) 

0} 

9> 

10: 



Program pulse input terminal (when sttaulated with nroprara pulso causes program control to 
program multiplication in accordance with its switch settings!. 

Program pulse output tenrinnl (emit; proaram pulse on completion of multiplication). 
Multiplier ace. receive switch T 

Multiplier ace. clear switch I .. . 

Multiplicand ace. receive switch? S escrlbed on this drewing 

Multiplicand ace. dear switch J 

Significant figures switch ! ,, , , 

Places switch J Described on PX-6-303 

Product disposal switch —Described on PX-6-304 

Associated transceiver — For neon bulbs see PX-6-309 



The high-speed multiplier operates in conjunction with four or six associated accumulators. Tht je are the 
multiplier aco. (#?}, the multiplicand ace. (#10), the left-hand partial products aec. (#11 and per- 
haps #12) and the right-hand products ace. (#13 and perhaps #l4). For a diagram showing the inter- 
connections of the high-epeed multiplier with its associated accumulators see P2-6-311. 
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Sl fjiiflcant Figures Switch 

This switch msy be used to give a variable round-off; I.e., a product unlet la rounded off In a 
different place for each program control. This switch governs the addition of 5 pulses into the 
proper place of the left-hand product ace. (#11, 12) during the second addition time of the multi- 
plication. 

It does not control the deletion of the non-eignif leant digits of the product nor the placing 
of the subtract pulse in the proper channal of the product on a subtract transmission. Since these 
vary with the setting of the significant figures switch, they must be taken 'care of at the accumulator 
which receives the product. Hence in cases where every product is to be rounded-off to the same 
number of places, it is best to use the round-off facilities of the right-hand product ace. (#13, !•*)• 



Places Switch 

This governs the number of places of the multiplier thst are to be used In the multiplication. 
The multiplier digits are used from left to right, so that the moat significant digits are usad first. 
The places referred to are the places of the multiplier ace. counted from the left. 

The places switch la completely independent of the significant figures switch. The reason for 
this is that all eigits of the multiplicand are used in the multiplication process. The only purpose 
of the pieces switch is to eavo time. 



Time schodule for multiplication 

A multiplication requires from 6 to lU addition times (depending upon the setting of the 
places switch) including the tine required for receiving the multiplier and multiplicand, but 
not including the time required for disposal of the product. 

Addition time operation 

(Program input pulse received at end of Oth 
addition time) 



P + 2 

p+3 
p+ll 

(Progr 



Multiplier and multiplicand recetvnd 

Five round-off pulses transmitted to left-hand product ace. (#11, 12) 
Multiplicand multiplied by first place (10th decade) of multiplier 
and loft and right hand components transmitted to left and right hand 
product ace. 

This is continued up to the p+ 2d addition time, where p setting of 
places switch 

Complacent corrections are made when necessary. 

Accumulated left hand products are added into accumulated right hand 
products, 
output pulse and answer disposal puloesemltted at end of p+^th addition tlmej 
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Important note concerning the partial products digit output t.e rralnals 

These terminals are to be seml-penaanently connected to the OC digit input terminals (see note on terminals l,r) 
of the product accumulator? (#11, IE, 13, 1&) by trays or cables not used for any_ other p_urp_ose. Ho load boxes are to 
be used. The digit pulses emitted from these terminals are not supplied from transmitters, but from inverter tubes whi'rth 
cannct he connected in parallel with anything else and which hare their own resistors. Hence the 4 digit input terminals 
of Vh'e product accumulators cannot be used for receiving any other numbers. 

No shifters or deleters are to be used. Accumulators 11 and 12 and accumulators 1? and lU are paired when more 
than eight places is desired in the product. 

The load on these outputs must be kept 83 snail as possible. Recocnonded method of connection is: 



LvK. #1 By special ^able to Accumulator 11. 

i..E. #2 By short cable to tray (only one tray), and short cablo to Accumulator 12. 

H.H. # 1 By special cabin to Accumulator 13. 

R.H. # 2 Similar to I.H. - #2 and Accumulator 12, 

Digit Output TeminalF for Partial Products — 



See also drawing PX-6-3H 
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Terminals A -A3C 

Program output terminals associated 
respectively with A, S, AS, AC, SC, 
ASC, on product disposal switch. 



Terminals ttS, PS , _F 

Program pulse outout terminals for transmitting pulses used in the 
programming of each multiplication: 

DS - A program pulse is emitted at the end of the p + 2d addition time 
if the multiplier is negative. Semi-permanent connections must be 
established so that this pulse programs the multiplicand ace. to trans- 
mit subtract and the right hand product accumulator I(#13) to receive. 



Product disposal switch 

This switch operates In conjunction with program pulse output terminals A through A3C and 
provides program facilities for the disposal of all 2U products using at most 6 program controls 
of the right-hand product accumulator (#13, 1*). 

At the end of the p + 4th addition time (i.e., at the same time as the program output pulse 
is emitted) a program pulse Is emitted frqm A-ASC according to the setting of the product disposal 
switch of the program control being used. ' 

Semi -permanent connections may be established by connecting A through ASC to six program 
pulse Inputs of the right-hand product ace. (#13, 1*J and setting the corresponding operation 
switches and clear-correct switches to transmit on A-ASC. The- program control output pulse may 
*a used to stimulate that unit of the JSHIAC which is to receive the transmitted product. 



HS - A program pulse is emitted at the end of the p+2d addition time 
if the multiplicand la negative. Semi-permanent connections must be 
established so that this pulse programs the multiplier ace. (#9) to 
transmit subtract and the left hand partial products ace. I (#11) to 
receive. 



F - A program pulse is emitted at the end of the p+3<* addition time. 
Semi-permanent connections must be established so that this pulse pro- 
grams the left hand partial products accumulator (#11, 12) to transmit 
add {without shifting) and clear and programs the right hand product 
accumulator (#13t 3-^J to' receive, or vice-versa. 

Terminals l,r 

Receiver cathode follower buffer output lines. These ere to be used to 
program the product ace. to receive the partial products. The following 
semi-permanent connections ere to be established. 

1.' 1 is to be connected via ace. interconnector cable (Mult, J 
(KC-5-131) into the interconnector terminals Iji and I-g of 
left-hand partial products ace. I (#11). The « digit Input 
terminal is to be used to receive the partial products. 
2. r is to bo similarly connected into right-hand product accumu- 
lator I (#13). Likewise, the oc digit Input terminal is to be 
used to receive the oertlal products. 
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And For No Other Purpose 



H igh - 



PflNEL*! 



t tt 



♦ t ♦ ♦ 



Speed Multip 

PaNEL*2 



t: 



M d5 




No Load Boxes Are To Be 
Used On The.se Lines 



I ER 



PftNEL*3 



• • 



T T T T " 



■-o 



r-ODD DDDDDd 



L ETT HAND PARTIAL PROOUC THttl 



Ace. 



•JTol o| o 

a Ip I i 



etojoio 



9000 



• o • o« o • o • 



oQD DDDDDD 

LE FT H AND PARTIAL PRODUCTRCcX 







•12 



PRODUCTACC.H 
If20D|<»IT PRODUCT! 

Are Found. U 



See PX-5-l3l-g 



r^DDDDDDno 

rwit Hnwp gMfflgt 1 rum. PgopucT flct 



—51 
AS 



flee 
•13 






o p p o 




Note- Horizontal Lines Above The Units Represent Digit Trays. 
The Dotted Lines Represent Trry* Which Need Be Used 
Only When 20 Digit Products Are Found. 
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Arscnen t Input terminal 

This Input is open for reception of the two-digit argument durrng the 2nd addition 
time of operation. The units place is x*eoeived on Hne /, the tens place on line Z* 
Shifters (PX-'l-loH) should be used in this terminal to shift the ar»iment if it cones 
fron other decade? than the 5tb and 6th. The other lines of this terminal ere uncon- 
nracted, so a deleter is not required. 

The scoarjlator witch transmits the argtiDnnt nay be programed from terminals KG 
and C. 

The function ,_ole automatically clears its argument at the end of each operation. 
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There are eleven protean controls on each function table. Each program control consists of a 
program pulse input terminal (which, when stimulated with ». program pulse, causes the program 
control to program the looklhg up of a function Wlue), a program pulse output terminal (which 
emits a pulse on completion Sf the operation), the three switches described below, and an associate"* 
transceiver (for neon bulbs see FX-7-305). 



Argument reception switch 

This switch operates in conjunction with program pulse output terminals HO end 3 and may be 
used to program en accumulator or accumulators to transmit the argument. 

At. the end of the lit addition time a program pulse is emitted from KC or C if this switch is 
sot on NO or C respectively. Semi-permanent connections may be established by connecting HO end 
to program input terminals of the argument accumulator and setting the corresponding •pcre.tion 
switches to trarsmit and transmit-and clear respectively. 



Operation switch 

This switch determines whether the function value (add) or its complement (subtract) is trans- 
mitted. 

It also determines whether the function value of the argument received, or the function value of 
one of the neif»hboring arguments, is transmitted. Thus pcnitlons-2, -1, 0, -fl, +2 give f(a-2) 
f(a-lj, f(a), f(a + l), t[n+S) respectively, where a is the argument. 

Operation repeat switch 

This switch determines the number of tines the function value is transmitted. 

Hote that k addition times are required for the function table to set up, receive the argument, 
etc. This loss of tine must be taken account of in programming the accumulator which receives the 
value of the function. Thus if that accumulator is programmed with the same pulse that programs 
the function table with its repeat switch set to 9, it could receive the value of the function only 
5 times. 



Terminals 11. Vi. Ill 

program pulse input terminals for pm^ran controls 1-11 respectively 

Terminals lo . 2p llo 

Program pulse output terminals for program controls 1-11 respectively 



Tonalnal NO 

Program pulse output terminal asso- 
ciated with NO on argument recaption 
switch. 

Terminal C 

Program pulse output terminal asso- 
ciated with on argument recaption 
sw'it ch. 



Tims Schedule for Function Table 



Addition time 



Operation 



(Progran Input pulae received st end of 0th addition time) 



■A 



Circuits s«t up 

Argumant racniTed 

Argument, riodlfied by the edition of to -S pulcas. 

At iHth pulsa time portable function table s^arta 

to set up. 

Function table flr.tahoa setting up 

Value of function traneraitt#d 

SbJs is continued up to the r+HVr< adittior. tine, where 

r is tho setting of the function repeat switch. 



Pr^g^am output emitted p-t end of r+Hth ed lit ion tin*> 



WOOftf SCHOOL Or CI EC TIMC At fNGJdffttNC 
UNIVERSITY OF Mm»$Vl¥»V*IA 



FiMTTlONTABlE fBONTHSEL N0.i 






Of***** •♦; 
3K.JW4 



FOW^M 



«-j c »/*fp5 



■tof 



PX-7-302 



Function output terminals 

The di*;it pulses representing the value of the function ere transmitted from these terminals. A 
connection table appears below. These terminals are to be connected to the digit trunks (trays)' 
(see i X-7-305) by the digit cables for transmission of the function value to another unit of the 3NSAC. 
It is to be noted that the division of the "eight constant digit switches and the 12 function table 
entries into the groups A and 3 was an arbitrary one, and by means of special adaptors (FX-^llO) those 
can be regrouped in any manner* 



Table showing connections of furction output terminals 



-Master Ft! Switches 



Function output Terminals _. 




Line 
1? ground 

11 m 

10 (Billions place) 
9 

a 
7 
6 



3 (Hundreds plaoe) 
2 (Tens Place) 
1 (Units Place) 



Terminal A 



Terminal B 



Oxound 
PM -1 : 

Constant 
Constant 
Constant 
Constant 



a zz 



~ V4 O 

■a o g'g. 

g.gg 

*" -rl O * 
+> U f-< ri 



digit switch All 
digit switch At> 
digit switch AS 
digit switch A.1 
Subtract pulse swl' en A10 
Subtract pulse switch A9 
Subtract pulse switch AS 
Subtract pulse switch A7 
Subtract pulse switch At> 
Subtract pulse switch k^ 



Oround 

vu s 

Constant 
Constant 
Constant 
Constant 

K i a 

•* C Q 

a o tic. 



digit switch 3 1 * 
digit switch B^ 
digit switch E?- 
digit switch Bl 
Subtract pulse switch BlO 

ubtraet pulse switch ?9 
Subtract pulse switch If* 
3ubtrect pulse switch B7 
Subtract pulfe switch 26 
Subtract pulse switch 35 



t& 4* ja J3 

^ c D « 
V, a; *> *> 



aitjit ■iajeta switch 

'.Jhen the digit delete switch is set to delete the constant digit switch is disconnected from its 
function output teminal, otherwise it is left connected, 

jijlts which are constant for all the values of e function may be set up on the constant digit 
switches* 

If thes.e switches are set to Pitt or PM2, the outputs of the oorresponnlne master PM switches are 
fed through these switches to the output terminals. This feature is used when some of the loft hand planes 
of a function with both positive and negative values are zeros; these switches then supply zeros when the 
transmitted number Is positive and nine's when the transmitted number is negative, thus avoiding the use 
of shifters at the receiving terminals. 



Constant digit switch 



Cubtract pulse switch 

On s subtract transmit these switches feed a subtract pulse onto their corresponding function output 
terminal lines if they are set to S. Thus the switch corresponding to the units digit of the function 
should be set to Sj the others feeding onto the same digit trunk should be set to 0. 



Sample row of switches on portable function table showing connection to function output terminals. 
Terminal A Terminal B 



Argumaat 




PHI line 6 Line 5 Line k Line ? Line 2 Line 1 Line 6 Line 5 Line U Line 3 Line P Line 1 PM2 

For a positive number, set Hi to p and set the number on the switches. 

For a negative number, set m to M and sot the comolement of the number with respect to 10 8 

on the switches. 
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Diagram Showing semi-permanent Connections to be Made 3etween Divider - S ouars - lfeoter and its Associated Accumulators 
® 
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(In dividing the 
quotient Is built 
up here. This aec. 
Is not used in 
square -root lag. ) 



(The numerator or quantity to be 
square-rooted is to be placed 
here.) 



(In dividing the denominator 
is to be placed here. In 
square rooting t wi ce the 
square root is built up here.) 



Notes on cables: 
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Accumulator interconnector cable (quotient) (PX-5-13'U 

Ace. interconnector cable (denom.3.R.) (PX-5-136) 

Ace. Interconnector cable (shift; (PX-5-135) 

Standard digit cable, with adopters (divider) (PX-'t-ll't) plugged into program terminal. 

Standard digit cable, with adapters (divider) (PX-4-llU) plugged into program terminal. 

Ace. interconnector cable (divider) (PX~5'-137) 

Trunk to transmit digit pulses for quotient and square root. 

This trunk is not to be usod for any other purpose , since the pulses emitted are not supplied 

from transmitters out - from inverter tubes which cannot be connected in parallel with anything 

else. These inverters have their own load resistors, so no load box is to be used in connection 

with them. 

Standard digit trunk (with load box) using +1 shifter in oC input of the shift accumuletor. 

Standard digit trunk transfer (with load box). 



There are eight divider square rooter program controls, each consisting of a program pulse input terminal (which, 
when stimulated with a program pulse, causes the program control to program an operation , in accordance with its 
switch settings), a program pulse output terminal (which emits a program pulse on completion of the operation, 
including interlocking) the eight switches described below, and an associated transceiver (for neon bulbs see 
PX-10-302). 
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Terminals 11. gi gl - Program pulse input terminals for program controls 1-i respectively. When 

stimulated with program pulse causes program control to progress division or squnre-roct In accordance 
with its switch settings. 

Terminals ll. 21 gl - Interlock pulse input terminal, 

If the interlock switch of a given program control is set at NI, these terminals are not usod. 
If the interlock switch is set at I, a pulse must hove been received on any interlock terminal since 
the last non-interlock operation or initial clearing of the divider before a program output pulse is 
emitted. The interlock pulse nay be a program pulse or a digit pulse or pulses. 

Terminals lo. 2o........go - Program pulse output terminals for program controls i-# respect ivel5«Emits pro- 
gram pulse after both the operation is completed end an interlock pulse is received (if interlock 
•switch is set at 



Numerator Accumulator Clear Switch 

This governs the clearing of the remainder by means of the static cable running into the numerator accumulator 
PM plug-in unit. IX this switch Is set on 0, the numerator accumulator Is cleared of its remainder during the last 
addition time of the division or square root. 

Numerator Accumulator Receive Switch 

When semi-permanent corrections are made, this switch programs the numerator accumulator to receive on the «C 
and £ digit input terminals during the first addition time of the dividing or square-rooting. 

Oenomlnetor -Sa uare - Hoot accumulator clear Switch 

This switch operates the seme as the numerator accumulator clear switch except that it governs the clearing 
of the denominator-square-root accumulator. 

Uenomlnator-Square-Root Accumulator iiecelva Switch 

Whan semi-permanent connections are made, this switch programs the denominator and square root accumuletor to 
receive on the eC and digit input terminals during the first addition time of the dividing or square-rooting. 

Round-off switch 

When 3et to HO this switch causes the answer to be rounded off in the last place. 
Note: Bven when the number (s) operated on are such as to give an exact answer this switch must be set to 80 to give 
the correct answer. 

Divide - Square - Root and Places Switch 
-J This switch selects which process is carried out' and the number of places (counting from the 10th decade, i.e. 

the highest place) of the answer. 
Note; The digit answer output terminal is so wired that the answer is built up starting in the 9th decade (counting 

from the right). For ordinary operation the numerator (or number to be rooted) and denominator should be placed 
so thet there is a in the loth decade of their accumulators. If the number to be rooted has an odd (even) 
number of places to the left of the decimal point it should be placed so that the left-hand digit is in an edd 
(even) numbered decade. Hence the answer will have at least one place less than the setting of the places 
switch. 

Interlock Switch 

This switch is used whenever another operation or set of operations is carried or, simultaneously with the divi- 
sion or square-rooting. 

An average division (in which thore is a zero in the 10th decade jf the uiwir accumulator) or square-rooting 
takes 13p addition times, where p is the setting of the places switci.. 

If interlocking 1e used, and the interlock pulse arrives after the operation has been completed, a program out- 
put pulse is emitted during the second addition time followin3. 

Answer Disposal Switch 

This switch nay be used to program transmission of the quotient or twice the square-root during the first 
addition time following the completion of the operation. The program control output pulse will then be used to 
stimulate thet unit of the ENIAC which is to receive the answer. 

Positions 1 and 2 are normally used to govern the quotient accumulator. The operation they perform is deter- 
mined by adapter (divider) 



(PX-4-llh). Thus if PX-"*-114a 
1b used 

Disposal 1 - Causes quotient 

ace. to edd transmit. 
Disposal 2 - Caiises quotient 
ace. to edd transmit and 
clear. 
Similarly, positions 3 and k are 
normally used to govern the de- 
romlnator-square-root accumulator. 
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Digit Output Terainal 

'.Tbenever the transmission of a constant is programmed digit pul.-ies representing this constant are emitted from thin terminal. This terminal Is to be connected 
to a digit trunk (trayj (See PX-11-306) by a digit cable for transmission of the constant to another 'init of the EN1&3. 

A table showing the connecting of this terminal for left-hand and right-hand five digit groups, and combined left and right-hand ten digit sets, appears below. 
It should be noted that a left-hand five-digit group would be received in tfc« left-h.nnd naif of an accumulator and a right-hand five-digit group would be received in 
the right-hand half if no. .shifter were upod. 
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10-dtgit number (!£) 

■.round 
PM (of L) 
Billions place 



Hundreds place 
Tens place 
Units place 



5-dlglt left-hand number (L) 

Ground 
FtJ (of L) 
Tan-thousandths place 



Tens place* 

UnlPa place 

nothing 

Nothing 

Nothing 

Nothing 

Nothing 



5-diglt right-hand number (R) 



Ground 



FK 

M* 

FM* 

FM* 

FM* 

FM* 



(of R) 
(of R) 
(of 1?) 

(of aj 

C-* HJ 

(of aj 



Ten-thousandths place 



Tens place 
Units place 



*Thu? a pulses are transmitted on these lines when the constant is positive, 9 pulses when it is a complement, Henco it is unnecessary to use a shifter on a 
receiving accumulator to receive this constant into the units to ten-thousands decades of that accumulator. 
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Constant selector switch 

Jeneral Explanation of the Constant Transmitter 

The constant transmitter he? a capacity of 100 digits and 20 signs. These are divided into 10 seta 

U,3, 3, J,K,) each consisting of 10 digits and 2 signs. Eight of these sets (A,3,....0) are supplied 

from IB! cards through the IBM reader when proper connections are made on the IBM reader plug board (see 
PX-U-305). Two of those sets (J,XJ ere sunplled from the constant sat switches and FM set switches of 
psnel 2 (see PX-11-303). 

Bach set mav_ be further divided Into two groups, a left-hand group and a right-hand group, e»eh con- 
sisting of 5 digits and a sisn. This division must remain fixed throughout a given set-up, For example, 
If the set is divided into five-digit groups, then any or all of the constant selector switches 7 to 12 
nwy be set tc C, ot t but not to 0™ Conversely, If the E set is not divided, then any or all of the 
constant selector switches 13 to ISrasy be set to Sj- but not to E, or B_, 

The ijjk reader is programmed from the Initiating unit (see PX-9-30?}. The IBM reader controls and 
plug-board are described on PX-11-305. 

Constant Transmitter Prog""" Controls 

There are 30 constant transmitter program controls, each capable of transmitting certain of the con- 
stants over the digit output terminal, only one program control can be used at a time, hence only one 
number can be transmitted at a time. 

Each program control consists of 

1) Program pulse input terminal (when stimulated with program pulse causes program control to program 
transmission of number set on its constant selector switch) 

2) Constant selector switoh 

3) Program pulse output terminal (emits program pulse after constant has been transmitted, i.e., one addition 
time after the program pulse input terminal has received a pulse. 

4) Associated transceiver (for neon bulbs see PX-ll-306) 

Program controls 1-2&, which transmit constants read from the IBK cards, cannot be used during the 
operation of the card reader, except during the first 50 addition times of this operation. That is, after 
a pulse is supplied to Rl on the initiating unit front panel (see PX-9-302), these controls mey be uaed 
during the 50 subsequent addition times, but not thereafter until' a pulse is emitted from Ro. 



Terminals j% t 2},,...., 301 

program pulse Input terminals for program controls 1-30 

Terminals 1 , g , 30 

Program pulse output terminals for program controls 1-30 
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m ;«t switch 



Constant Set 3witehefl for J, 



Constant :-'et Switches for J,, 



Constant iiat SwitcheR for 
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ConMant. Set Switches for K_. 



For a positive number, aet. the ft! to 7 end set the number on the switches. 
Tor r negative number, set. the Wk to *.! and set the iotpnX**went of each n"i£ft 
with respect to 9 on all but unite switch where the complement with 
respect to 10 Is set. 
For a ten-digit number, both FK switches should be set to the sign of the number. 
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The Polarity Switoh 

Located on the front of the IBM Header In a double pole double throw switch 
which changes the polarity on the holding colls of the relays which control the 
group selection and the reset control. By changing this switch one can either wire 
these circuits on the plug board In the manner indicated there or In the reverse 
manner. This gives the following types of control! 

(A) With the polarity switch In normal position, 

The common terminal "0" is then wired to some hub of the #1 reading 
brushes and the group selection hubs m wired to hubs of the digit 
selector. Thus, all controlling is done by various punches in One 
column. The variety of things controled le given by plugging to 
different digits (12, 11, 0, ,9) of the digit selector. 

(B) With the polarity switch in abnormal position. 

In this case "C" Is wired to some digit on the digit selector and the 
group selection hubs are wired to various columns. Here, ell the con- 
trol Is obtained by a certain punch (for example, a 12 punch) with dif- 
ferent things being controlled by plugging to different columns. 



Plugging Illustrations 

(a) This shows the common hub "0" wired to column 21. The two hubs above end 
below are connected so the wire could have gone to either of them. Note 
that besides the wire (a) one could connect this upper hub for to some 
other column, say 2, getting an "or" control. That is, if a certain number 

(12 11 ,9) is punched in column 21 or column 2 then whatever hub 

under group selection was plugged to that number of the digit seleotor causes 
the corresponding group selection relays to operate* 

(b) This wire causes the reset control to operate whenever there ie a 12 punch 
In column 21; that Is, a card with such a punch is called a master card, 

lc end d) These leads cause information in storage relay groups b and 7 to be 
held as long as cards come through without a 12 punch In column 21. When- 
ever a card with a 12 punch in column 21 (a master card) cones along the r 
Information in groups 6 and 7 will be dropped and new Information will be [> 
put In from this master card. Immediately, the reader wlM. go on to read 
the next card, 

(e) If a card has a 6 punched in column 21 this lead causes group selection 
relays for group 12 to be activated giving a circuit from through B in- 
stead of A, 

(f and g) If a 9 Is punched in column 21 groups 15 and 16 group selection re- 
lays will be activated. Diagonal leads such as (f) enable one to operate 
as many groups as desired from just one punch. 

(h, i, and X.) This shows the plugging to hendle ten digit negative numbers. 
The PM punch Is in column 1 and, by the diagonal connection in the minus 
control, the PM relays for groups 1 end 2 are operated by this one punch. 
The first digit reeches the storage relays through (J), (k) illustrate* 
the plugging for the rest of the digit's. 

(n, o, and p) If there is a 6 punch in column 21 the digit from column 20 
will go to the fifth digit of group &. otherwise, the digit from column 
Uo will go there. 

(m, q, and r) If there is a 9 punch in column 21 the digit in column 80 will 
be the fifth digit of group 12. Otherwise., it will be the fifth digit of 
group 16. 

NOTE: If during the course of s computation the IBM reader should run out of 
cards the starting relay (see PX-11-307) "ill be closed so the moment new cards 
are dropped In, the reader will go through a cycle. To make sure that the reader 
does not fall to feed this first card the stop button should be held down until 
the cirds ere firmly in place. 
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tX Read Brushes 

The tX Reed Brushes read the card before the tS Heed 
Brushes do. The fX brushes are used for control purposes 
end the #*2 brushes for reading the numbers and their Pll's. 

Oroup Selection 

The hubs numbered from one to sixteen control the 
group selection relays whose terminals are located on the 
lower half of the plug board. These are double bubs, that 
Is, the hub above and below the number are common. The 
single hub located to the left of these and labeled RC 
controls the reset control. The features of group selec- 
tion and reset control are described below. For details 
see the IBM reader wiring diagram PX-ll-119. 

Reset Control and Reset Shunt 

Certain groups of relays (depending upon plug board 
arrangements) may be caused to hold their information while 
a aequence of "detail" cards are reed. This is accomplished 
by connecting the corresponding terminals under Reset Con- 
trol to eny of the Reset Shunt terminals. To chsnge the 
information which Is being held in these relays a "master" 
card Is inserted in the sequence of cards, A particular 
punch on this master card can cause the held information to 
drop out and as the master card passes the /2 Reeding Brushes 
new information can be stored in these Relays until the next 
master eerd comes along. Whenever such e master card is read 
the Reader will Immediately read the next detell card before 
It gives out s computing signal to the SNIAC. 
WABHIHO ; The detail cards either must not contain information 
iu the fields corresponding to the releya that are holding 
master card information or else group selection must be used 
to prevent such information from disturbing the held relays, 

Oroup Selection Relays 

There are sixteen five pole double throw relay switches, 
called the group selection relays. The common terminals are 
labeled "C" and normally the circuit is through the terminals 
labeled "A". When activated (picked up) the circuit Is 
through "B*. These circuits are iaolated (Internally) from 
the other circuits of the reader so there are many other 
possible plugging arrangements other than those Indicated on 
the plug board. 

Minus Control 

By means of cams in the Reader these terminals connect 
to the PM relays of the Constant Transmitter only when the 
IBM cerd is in positions 11 and 12, that is, when the PM 
punches would be under the £2 Read Brushes. The two hubs, 
above and below the group number, are common. Usually, the 
punch for minus indication will occur in the seme column that 
a digit punch appears. Thus, the same reading brush will 
Indicate the PM of the number and leter as the positions zero 
to nine pess under the brush indicate the digit punched. 
Other cams (celled coding csms) energize the numerical cir- 
cuits only during the zero to nine pert of the cycle enabling 
the digit punch In that column to cause the proper relaya to 
be set up in the Constant Transmitter. The coding cams con- 
sist of two groups, one group is used for positive numbers 
and the other group causes complements (with respect to 10 -1) 
to be set up by storage relays. The PB relays determine which 
set of coding cams are used. 

Storage Relays 

The storage relaya are located in the Conatent Transmitter 
There ere essentially four relays associated with each digit. 
That is, four, relays representing respectively 1, 2, 2', and 
H can, in various combinations, represent any digit from zero 
to nine. These four relays are Indirectly (through vacuum 
tube circuits) aseocisted with the 1, 2, 2', and 1) pulses sent 
out by the cycling unit. That is, eech relay opens a gate tube 
which through an inverter opens s second gate tube. This 
second gete tube passes the 1, 2, 2*, or k pulsee. 

For positive numbers the hubs of the 12 reeding brushes 
can be wired directly to the hubs of the storage releya in any 
order whatsoever. Negative numbers must be handled in groups 
which are multiples of five. To indlcste the negetlve number 
there will be en 11 or 12 punch in some column. The wire 
from the hub representing this column must go to the minus con- 
trol hubs of ell the storage relay groups used for this nega- 
tive number. There must also be a connection to the hub cor- 
responding to this digit in the storage relays. See the exam- 
ples shown to the left. 
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Tills switch rsouples two groups of digits together when It is set to the position. It provides for 
the carryover when an 5HIAC complement Is converted to a true value. 

The switches or this drawing and PX-12-303 are set for the arrangement shown In the table below. 

Table Showing Original Set of Decades Connected to the Printer 



printer Group 
1 



6 
7 
t 
9 

10 

ll 

12 

13 

}4 

16 



Decades from 

MBSter Programmer, panel 1, Decades 

l4-lo 
Accumulator 13, Pecadee 6-10 
Accumulator 13, Decodes 1-5 
Accumulator lk, Decades 6-10 
Accumulator l4, Decades 1-5 
Accumulator 15, Decades 6-10 
Accumulator 16, Decades 6-10 
Accumulator 16, Decades 1-5 
Accumulator 17, Decades 6-10 
Accumulator 1/, Decades 1-5 
Accumulator If!, Dscedes 6-10 
Accumulator 1(5, Decades 1-5 
Accumulator 19, Decades 6-10 
Accumulator 19, Decades 1-5 
Accumulator 20, Decedes 6-10 
Accumulator 20, Decades 1-5 
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Gienarel Explanation of Printer 

The printer operates from the statin outputs of accumulator and master programmer decades. 
The cables connecting the decade static terminals to the 'printer lie in a trough at the top of 
the front of the anchine, A table, showing the original set of connections, appears on FX-12-301. 
Bvery accumulator decode and PI5 unit and everv master programmer decade has a static outnut term- 
inal. 

The numbers to be printed are divided into sixteen groups of 'i digits and a PM, numbered 
from 1 to 16. "ho printing switches determine which groups are connected to the 1BK gang pure!-.. 
Drawing P.X-I8-305 "how* the ISM gang punch plug board and gives instructions for connecting it up. 

Any group of fiv» dibits end PI! nay be connected to an adjacent group by means of the 
coupling awiteh, sr that 10 digit, If: digit, etc, curibers tr.ay be punched. 

Khan the number to be printed is m complement (i.e., the IK counter registers K), the true 
value of the number la punched along with an 11 punch to indicate that it is negative. 

lihanRver infnrratlon in the master programmer is printed adaptor PZ-lff-llU B must be uieci 
at the printer plujr- on panel 3 so as to ground the unused IIS lead going into the printer. 

The printer is programmed from the ir-ttiating unit (see F-<-9-302), Controls on the ITU.. &*f 
punch 1 are explained on K£-l?-305. 
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printing switch 



"■his switch connects (in the »rrint" position) or disconnect', (in the -off" position) the voltage 
■n^plv to the buffer tubes of its group, so that these tubes do (or do not) operate the relays when the 
printer It -ro.-remned. For the <5roup of digits to be punched it is necessary not only that this .-witch 
'be «et to wp-lnt* but elso that proper connections be made on the IB: gan^ punch plug board (see X-1P-705). 

'his e-viten must be turned off if the deoedes to which the srou r is connected are not turned on. 
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Computer Hssult Exit 

These hubs connect directly to the digit relays In the printer. To 
punch positive numbers they can be plugged to the punch megnet hubs in 
any desired arrangement . Thus, it is possible to place the digits coming 
from the group 1 relays in any five of the eighty columns on the IEU 
card. |q 

Minus Indication. 

The sixteen hubs under minus Indication go diractly to the PM releys 
of the sixteen groups. The minus indication of any -proup could be punched 
In any of eighty columns on the card simply by connecting the corresponding 
minus indication hub with the particular column hub of the punch magnet*. 

Usually, however, the minus Indication will appear above some digit 
of the number on the card. To place the minus Indication (an 11 punch) 
above the first digit of the number the minus Indication of the correspond- 
ing group is plugged to one of the terminals labeled "A" under column splits. 
The hubs »B» and »0" directly under the A-hub used are to be plugged, respect- 
ively, to the digit hub (computer Results Exit) above which the minus punch 
is desired and to the corresponding hub of the punch magnets. 

The column splits Is simply a sixteen pole double throw relay switch. 
This switch is controlled by a cam In the IBM punch which causes the «0" hubs 
to be connected to the respective "A" hubs during the 11 position of the csrd 
and to the «3« hubs during the 0,.....,Q position of the card. 

Emitter Outputs 

If one of these hubs is plugged to a punch magnet hub the corresponding 
number will be punched In that column of the card. The five rows of five 
common hubs to the right of the emitter outputs enable one to punch the same 
number in more than three columns. The connection labeled (e) on the diagram 

causes nines to be punched In the columns 77 ,^0 on * na card, connections 

such as these cause the corresponding number to be punched In every card. 
This can be used to give Identifying numbers to the csrds or to punch dates on 
the cards. Alphabetic punching cannot be done on this machine. 
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Plugging Illustrations 

(a) This illustrates the type of pluggingin columns where no 
minus indication Is desired. 

(b, c, and d) When the 11 position of the card la under the 
punches there is a connection through leads (c) and (d) 
from the punch magnet hub to the minus Indication. If 
the group 1 PM relays were activated a signal will arrive 
at this time causing the 11 to be punched In column 1 on 
the card. If the 11 punch Indicating a negative number 
were desired in column 2 leads (a) end (c) must be inter- 
changed at the punch magnet hubs and leads (a) and (d) 
Interchanged at the computer exit hubs. Then the flret 
column of the computer exit cornea directly to the first 
column punch and the second column leads go through the 
" minus Indication hubs and the column split. 

(e) These connections will cause nines to be punched In the 
lest four columns on the card. 
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General Explanation of Steppers and Decades 

A stepper is a six stage ring counter. It hes the following associated with it: 

1) Stepper program pulse input terminal 

2) Six stepper program pulse output terminals, one associated with each stage of the 
stepper. 

3) A group of decades(of from to 5, depending upon the stepper and the settings of 
the decade associator switches. The n (n5>,.....5) decades of each group are inter- 
connected by a direct carry-over circuit (*««"» is no delayed carry-over circuit) 
enabling them to count (not accumulate) 10 - 1 pulses, 

k) Stepper clear switch- ' 

5) Stepper direct input terminal 

6) Stepper, clear direct input terminal „ 

7) Each decade has a uirect input terminal 

The operation of a stepper and its associated equipment is as follows: 

At the end of the initial clear each stepper is left or the 1st stage and each decade 
is cleared to 0. 

Suppose a program pulse is recei ved on a stopper program pulse input terminal. One 
• addition time later a program pulse is emitted from the program pulse output terminal cor- 
responding to the stage the stepper is on at the time it is emitted and a program pulse is 
sent to the units decade of the group of associated decades. 

Whenever a group of decades counts to the number set on those decade switches corre- 
sponding to the position of the stepper, one addition time later these decades are cleared 
to zero and the stepper is either stepped to the next position, or (if it is on the position 
set on its stepper, clear switch) cleared to the first position. Though the decades will 
count either program pulaes or digit pulses, any pulse which might cause this clearing and 
stepping action must be a program pulse. 

The decades count both the pulses supplied to the associated stepper's program pulse 
input terminal (with a one addition time delay) and those supplied to the decede direct 
input terminals. No set-up is permissible which might lead to pulses being supplied to a 
decade from both sources simultaneously, or from a decede direct input terminal and a carry- 
OTer from a previous decade simultaneously. 

An example illustrating a common application of a stepper in programming will show how 
Items 1 through 4 operate together. Consider stepper D, end suppose that decades 12 and 13 
are associated with it and that its stepper clear swltoh is set to «. Then four two-digit 

numbers (n, nh) may be set up on the decade switches, each number associated with the 

corresponding stage (1 k ) of the stepper and hence with the corresponding program pulse 

output terminals (D10, E^o). Whenever a program pulse is received on Di a pulse. is 

emitted from one of the output terminals (one addition time later). The first n x pulses 
received on Di are emitted from Djo; the next Dg pulses received on Di are emitted from D 2 o.. 
.... the last nk pulses received on Di are emitted from Dho, and the stepper and its asso- 
ciated decades are then left in their original state, reedy to repeat the process. The time 
schedule of these operations is as follows: 

Program pulse operation 

Input program pulse (to Di) 

1 Output program pulae emitted (from D]0,...Sko) 
Decede stepped to next stage 

2 In case the decades register the number set up on 
the decade switches, all decades (associated with 
stopper D) ere cleared to zero and the stepper (D) 
is stepped to the next stage or (if it is on the 
position H) it is cleared to the first stage. 

To disassociate a decade from its stepper pull out gate tube 63 in the stepper plug-in unit. 
See block diagram PX-«-30 u . 



Terminals At- Bl Kl Stepper program pulse input terminals 

Terminals A , o K tQ. Stepper program pulse output terminals sssociated 

1 J*- witn stage x 

Ago Koo Stage 2 .... 

s|o K60 Stage 6 

One addition time' after a program pulse is supplied to en input terminal (such as Di) 
a program pulse la emitted from the output terminal corresponding to the stage the stepper is on 
at the time it is emitted (thus if the stepper Is at position 4, when the pulse is emitted it 
comeT"fromDho), and a unit is added to the contents of the associated decades. 

Terminals Acdl Kcdl Stepper clear direct input terminals. 

A pulse supolled to this terminal will clear the stepper to the first position. If • 
clearing pulse and a stepping pulse arrive at the same time, the stepper will be cleared, not 
■tapped. 



Stepper terminals 

At ........ Ki Stepper progrem pulse input terminals 

A 1 o,....«A60s..K 1 o....K6o Stepper progrem pulse output terminals 

Aai ,Kal Stepper direct input terminals 

Aodl,....Kcdi Stepper clear direct input ternlnale 

Decade terminals 

Ddl20 Ddll Decade direot input terminals 



MOORC SCHOOL OF ELECTRICAL ENCIMERING 
UNIVERSITY Of PENNSYLVANIA 



MASTER PROGRAMMER FRONT PANEL NOi 



MATtRWtk. 



Draw* bv; 
J.EDB4KK 

DEC.M* 



n»*«M 






AaottJMM bv: 



•RAUr 



FX-8-301 



S3 
S3 



to " 



«a 



Sa 



fts 



Is 






SS 



HEATERS 
OFT O °N 



HOURS 

°D ° 

MUSTFB 
PANEL2 



6 K 



3<_L* 



. 4 5 




3 *_»> 



4 5 




H 

8 

i. 



4 5 




H J 










•Ms 



T K 



.4 5 



J 4 _ 5 .6 



, 4 S 




7 

s 

9 



* 5 . 

3 6 

£ 

1 



3*1.* 



3 


Itfi 


2 


09? 7 


ij 


s*£)a 


(f 


^9 




3 


*i* 


«( 


^7 


1> 


^/ 8 


I 


&^ * 



H 




3 > + i 


,6 


*(j& 


» 


•>■)&.> 


' e 


£*-' 


9 




H 




3 4 2 


j6 


z (jfr 


^ 


*ar' 


6 


*r^ 


9 



H 




3* 


If 


'6 


rf 7 


x m 


r) 8 


P* 


' 9 




H 




a 4 


*.« 


*fc 


fl 7 


J j^ 


^ 8 


jP 


' 9 





Sfe 








fe 


$5 











3 


4 5 


,6 


e 


^ 


>7 


ij 


w> 


8 


o< 


<**" 


9 




3 


4-9 


£ 


Z l 


^ 


r 7 


i 


9» 


8 



3 +JJ8 



**-J.0 



♦ 5 







4 5 




r; 






3 


*'.6 


* / 


^ 


ft 7 


'J 


^ 


*f 




G 
3 


4 


> 


2 


tj 


fl T 


V! 


2 


*: 




« 








* 


s 


5 




-a* 


8 ( 


> 


i? 7 


% i 


» 


0,« 



'$/■ 


H 45 




{ Sk 





$i 



4 S 



H 




.4 


5. 


4 


■-»* 


3 k 


#> 


»» 


9 8 


<K 


4 




H „ 




5 4 


^ 


z C/j 


^ 7 


X L& 


7 8 


&& 


9 




H 




> 45 ^ 


*^7 


#' 


*fe» 


0e 


B W 


9 



H 



S 



/ ^9 



H 4.» 

7 

8 



4 5 




^ 



• !_L» 



♦ 5. 




2 



P) 



.9 ». 






4 5. 


J 




2 I 


>Jf 7 


ij 


^/ « 


1 


^^9 




3 


♦ 5 js 


*/ 


>2f 7 


1 


*Z>e 


<f 


/*^» 





G 2 s 






J * 3 *s 



* * 3 t« 



o 



o 



cw o 
fay 

'O. ^ ) 



o 



@, @ 



Q^. Q^- v Q^^, Q^-v Q^v Q, 












'®M% %^,H W^°©o W®°©o W 

© <a©o ©c^@o ^<H® ( &*i@o <St^<St 



TEHtHMAlB Idl, gdl, 



. ,20dl - Decade direst input tarminals esaociated raspactivoly with decades 1, 2,....,?0. 
(counted from right to .left) 

Pulses supplied to these terminals will be counted by the decades. These pulses may be either program or digit 
pulses, though any pulse which steps the decades to the number set up on the decade switches corresponding to position 
of the stepper must be a program pulse., and any pulse which onuses a carry-OTOr must be a program pulse, 

Ko program pulse should be supplied to the decade direct input of the units decade of a stepper one addition 
time following the reception of a program pulse on the program pulse input terminal of that stepper, 

pulses can be fed into the direct Input terminals of decades other than the units decade only at times when thar 
are no carry-over pulses from previous decodes of the set. 



To disassociate a decade from its stepper pull out gate tube 63 in tho stepper plug-in 
unit - See Block Diagram PX-«-30k. 



Decade Aasociator Switches 

Decades provided with these switches may be connected to the decades associated with either of two 
steppers, ' Thus if the J-K switch is set to K, decade 2 is connected In series with decade 1, while if it 
is set to J decade 2 is made the units decade associated with stepper J, and decade 3 (formerly the units 
decade associated with that stepper) becomes the tens decade of that stepper, i.e., is put in series with 
decade 2, 



Decade switches associated, with the 1st stages of the steppers. 



Decade switches associated with the 2nd 'stages of the steppers. 



Decade switches associated with the 3rd stages of the steppers. 



Decade switches associated with the 4th stages of the steppers. 



Decade switches associated with the 5th stages of the steppers. 



Decade switches associated with tie 6th stsges of the steppers. 



Ste pper clear switch 

This switch determines the number of stages of tha stepper and associated decade switches which are 
used. After the stepper gets to the stage set on its clear switch and counts to the number set on the 
corresponding decade switches it clears to its first position insteed of stepping to the next position. 

Terminals Adl .Kdl - Stepper direct input terminals. 

Pulses supplied to one of these terminals will be counted by the stepper. These pulses may be either 
program pulses or digit pulses. If digit pulses are used the stepper clear switsh must be set to 6. 

The stepper will count modulo c, where c is the setting of the stepper clear switch. 

A program pulse is emitted from one of the stepper program pulse output terminals one addition time 
after a program pulse is received on the stepper program pulse input terminal. . This pulse Is emitted from 
the terminal corresponding to the atate of the stepper at the time it is emitted. The stepper may be stepped 
or cleared at the same time without effecting that pulse. 



decades. 



Ho pulse should be supplied to this terminal at the same time as a stepping action is caused by the 
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